Oxides of nitrogen play an important role in stratospheric chemistry. Ozone in the natural environment is thought to be removed mainly by catalytic reactions involving NO and NO2 (Crutzen, 1970; Johnston, 1971) . Nitric oxide is formed in the stratosphere by reaction of O( 1 D) with N 2O (Crutzen, 1971; McElroy and McConnell, 1971; Nicolet and Vergison, 1971 ).
Nitrous oxide is believed to originate as a by-product of microbiological activity at and near the earth's surface (Bates and Witherspoon, 1952; Bates and Hays, 1967) , and concern has arisen in recent years that a variety of human activities might lead to a significant increase in the net global source of atmospheric N 2 O (Crutzen, 1974; McElroy, 1974; Pierotti and Rasmussen, 1976; Weiss and Craig, 1976) .
Recent interest has focussed on perturbations associated with agriculture.
Quantitative assessment is hampered however by major gaps in our understanding of the global nitrogen cycle, and by specific difficulties which arise in the description of the human influence.
One possible approach to * the problem has been outlined by McElroy (1976) and by McElroy et al. (1977) . Human waste per person in the developed world amounts to some 5.4 x 10 3 grams of fixed nitrogen per year (National Academy of Sciences, 1972) , equivalent to some 1.14 x 10 6 tons N per year for the human population of the United States. The comparable figure for the world population is estimated at 1.5 x 10 7 tons N per year, using data from a variety of sources (Deevey, 1970; National Academy of Sciences, 1977) . Animals Samples for N 2 O determination were transferred from the Niskin bottles to 300 ml BOD bottles.' Microbial activity was inhibited by addition of 1 ml of a saturated HgC1 2 solution.
Samples were cooled to a temperature between 5 and 10°C until analyzed.
Measurements of N 2O were usually performed within 1 to 2 days of sample acquisition. Analyses were performed using a Perkin-Elmer 3920B electron capture gas chromatograph equipped with an 8' by 1/8" OD column of Porapak Q held at a temperature of 40°C. The 63 Nidetector was operated at a temperature of 350°C with a standing current of 3.5 x 10-9
amps. This procedure allowed excellent separation of N2O from possible contaminating gases as illustrated in Figure 1 .
We verified experimentally that samples treated with HgC12 exhibit no significant gain or loss of N2 O during storage intervals employed here (Elkins et al., 1977) .
Nitrous oxide was removed from water-samples using the static gas partitioning method described by McAuliffe (1969 McAuliffe ( , 1971 . A 100 ml glass syringe wit s a locking input orifice ( precision Sampling Corporation) was flushed with N2O-free helium. A 50 ml sample of water was displaced from the BOD bottle into the empty syringe again using helium. This procedure was devised in order to minimize contamination by outside air. Finally 50 ml of helium was introduced into the syringe and the syringe barrel was isolated,leaving a 1:1 volume ratio of helium and water. The syringe was placed on a wrist action shaker for 10 minutes to equilibrate the two phases. Gas from the syringe was then passed through the sample loop of the gas chromatograph and a 1 ml sample was injected for analysis. Residual helium was released and 50 ml of fresh helium were added. This process was repeated 2 or 3 times. A plot of log N 2 O peak area versus number of equilibrations yields a straight line. The y intercept of this line is a function of the initial N 2 O concentration, as discussed by McAuliffe (1969 McAuliffe ( , 1971 Figure 6 . The rate for gas exchange across an air-water interface is known to depend in a fairly sensitive fashion on wind speed (Broecker and Peng, 1974; Emerson, 1975) , and we shall return to this Figure 7 would not appear, however, to support this conjecture. It seems more probable that the variation in N2 0 should be attributed to a change in the rate for gas exchange across the river surface associated with
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Future measurements may be expected to resolve possible ambiguities about the mechanism for temporal variations of N2O.
Gas exchange across an air-water interface is frequently described using a simple diffusion model (Broecker and Peng, 1974) , in which gas flux is given by
where D is a molecular diffusion coefficient, Z is an empirical parameter which defines the thickness of a hypothetical molecular boundary layer, C L is the observFd concentration of gas in the liquid phase, and C E is the concentration of dissolved gas which should apply if the liquid were in equilibrium with the atmosphere. The parameter Z may be estimated using an empirical relationship between Z and wind speed developed by Emerson (1975) from studies of radon and CO 2 in a variety of aquatic systems.
Following his data, we derive a value for Z of approximately 75 u for the period 0900 July 21 to 0600 July 23 (see Figure 6 ).
The river has a mean depth of about 4 meters over the spatial domain of interest here. A film thickness of 75 u would imply therefore a residence time for dissolved gas of about 2 days.
Other factors, in addition to those included by the simple wind-driven model, could contribute to the rate for gas exchange across the air-water interface in the Potomac. We might note that the river carries a significant traffic in moderate-sized power We should caution that the efficiency for prompt conversion of waste nitrogen to N 2 0 could be even larger than values quoted here. The measured profiles for dissolved N 2 0 suggest that the gas may originate at or below the sediment-water interface. Bubbles were observed to reach the surface at station 11 at a rate of ap p roximately 3.5 ft -2 min -1 . These bubbles had an average diameter of about The measurements in April may be used to obtain a direct estimate for the quantity of N 2 0 released to the ocean by the Merrimack ih this period. We find in this manner that the river exported a quantity of N2 O equivalent to 2 x 10 4 g N day -1 at that time.
It Would seem reasonable to suppose that a major fraction .y Z (Broecker and Peng, 1974) are shown which correspond to the various wind speeds. If the wind data were extrapolated to 10 cm elevation (cf. Emerson, 1975) , the film thicknesses would be increased by about a factor of 2. 
